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Description 

[0001] The present invention relates to a method for 
making an extrusion product, in which method an extru- 
sion material is extruded by an extruder from its extru- 
sion portion through a tool and fluoropolymer is used 
between the extrusion material and the tool for reducing 
friction between the extrusion material and the tool. 
[0002] The present invention further relates to an ap- 
paratus for making an extrusion product, which appara- 
tus comprises an extrusion portion for extruding an ex- 
trusion material and a tool through which the extrusion 
material is extruded and fluoropolymer is arranged to be 
used between the extrusion material and the tool as a 
slip agent. 

[0003] The present invention also relates to a product 
made by the method. 

[0004] It is essential in the production of crosslinked 
polyethylene, for example, that the material will flow well 
against the walls of the tool situated after the screw of 
the extruder in such a manner that the friction heat gen- 
erated therein would remain so low that crosslinking 
cannot start too early. The kinds of polyethylene suitable 
for producing crosslinked pipes, for example, flow very 
badly on account of their high molecular weight. On ac- 
count of low extrusion heat and great viscosity men- 
tioned above, the extrusion process is rather abrupt so 
that the temperature of the screw and of the cylinder will 
easily rise too high because of the generated friction 
heat. 

[0005] In plastic industry extrusion tools are mainly 
manufactured of easily machineable hard tool steel or 
possibly of stainless steel. In order to improve wear re- 
sistance required for cleaning processes, for instance, 
tools are generally chrome plated. EP 0 507 613 dis- 
closes that a tool is coated with polytetrafluoroethylene. 
Polytetrafluoroethylene reduces friction very efficiently 
and the plastic material will slip steadily along the sur- 
face of the tool on account of it. When machining plastics 
with a high molecular weight, polytetrafluoroethylene 
will wear off very fast from the surface of the tool during 
the extrusion process. Therefore it is necessary to halt 
the extrusion process for adding a new polytetrafluor- 
oethylene layer to the tool. This re-coating has to be car- 
ried out even daily. Thus halting the process and starting 
it again, and wear and addition process of polytetrafluor- 
oethylene will easily raise the costs considerably high. 
Excessive wear of polytetrafluoroethylene can easily be 
seen in the final product, too, as the quality of the surface 
suffers easily. Typically the inner surface of the pipe can 
become coarse or plastic fluff can be found there. Poor 
characteristics are not necessarily visible in the outer 
surface of the pipe, but in microscopic measuring une- 
venness will become evident. The preamble of the in- 
dependent claims is based on the document EP 
0507613. 

[0006] WO 94/21441 puts forth a solution to the 
above-mentioned problem where instead of using poly- 



tetrafluoroethylene, a layer of a sacrificial thermosetting 
material is extruded between the extrusion product and 
the tool. As in most cases the layer will have to be re- 
moved from the surface of the product after extrusion, 

s the invention is complicated and difficult to realize. 
[0007] WO 92/11125 discloses that a slip agent is 
added to a plastic material. However, if the slip agent is 
added to a product which has a high molecular weight, 
for example, and which requires strong machining, it will 

io result in that on account of its slipperiness, the plastic 
material will easily become disengaged from the screw 
in melting zone and the plastic material will come out of 
the extruder unmoften. 

WO 92/19809 discloses a roller for heat treatment of a 
15 web of material, in which the web is cooled to a defined, 
predetermined temperature in a gap between the roller 
and a mating roller. DE 4412799 discloses a cooling 
mandrel for cooling extruded plastic foam. The mandrel 
comprises a frame and a helical element arranged on 
20 the frame. The helical element is tubular and the cooling 
medium flows through it. 

[0008] The object of the present invention is to provide 
a method and an apparatus for making an extrusion 
product where the disadvantages mentioned above can 
25 be avoided. A further object is to provide an extrusion 
product with good characteristics. 
[0009] The method according to the invention is char- 
acterized in that at least the surface of the tool against 
fluoropolymer is of a material whose thermal conductiv- 
30 ity is greater than the thermal conductivity of ordinary 
tool steel, whereby the friction heat generated is con- 
ducted efficiently away from the interface between the 
tool and the extrusion material towards the tool. 
[0010] Further, the apparatus according to the inven- 
ts tion is characterized in that at least the surface of the 
tool against fluoropolymer, at least partly at the smallest 
cross -section, is of a material whose thermal conductiv- 
ity is greater than the thermal conductivity of ordinary 
tool steel. 

*o [0011] In addition, the product made by the method 
according to the invention is characterized in that the 
surface of the product is essentially smooth without 
transverse microscopic stripes repeated at a specific 
wave length. 

« [0012] Particular embodiments of the invention are 
the subject of the respective dependent claims. 
[0013] The essential idea of the invention is that there 
is fluoropolymer, such as polytetrafluoroethylene, be- 
tween the tool and the plastic material to be extruded 

50 for reducing friction between the plastic material and the 
tool and that at least the surface of the tool against fluor- 
opolymer is of a material whose thermal conductivity is 
greater than the thermal conductivity of ordinary tool 
steel, whereby the friction heat generated can be con- 

55 ducted fast away from the interface towards the tool. A 
further idea of one preferred embodiment Is that there 
is a wear resistant coating on the surface of the tool, 
such as DLC, which comprises pores filled with a fluoro 
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compound, such as polytetrafluoroethylene. The idea of 
a second preferred embodiment is that there is a slip 
agent layer essentially comprising a fiuoro compound 
between the coating of the tool and the plastic material. 
Most preferably the intermediate layer comprises at s 
least partly a fiuoro compound, such as fluoro-elas- 
tomer, which is supplied into the plastic, and which mi- 
grates to abutment surfaces. The idea of a third embod- 
iment is that the fiuoro compound forming the slip agent 
is extruded between the plastic layer and the tool prima- 
rily after plastic melting zone just before the nozzle of 
the tool. 

[0014] The advantage of the invention is that when at 
least the surface of the tool is of a material that conducts 
heat well, the friction heat generated can be conducted 
efficiently away from the interface of the plastic material 
to be extruded and the tool, whereby temperature con- 
trol of the tool will be very good and the temperature will 
not rise even at the interface too high for polytetrafluor- 
oethylene, for example. It has been unexpectedly found 
out that by conducting heat away from the interface, the 
wear resistance of polytetrafluoroethylene, for example, 
has been considerably improved. In an ordinary tool, al- 
though the temperature of the tool is adjusted e.g. to 
250°C, polytetrafluoroethylene will wear rather easily 
from it even though the melting temperature of poly- 
tetrafluoroethylene is more than 300°C. Because of fric- 
tion, the temperature at the interface exceeds the high- 
est temperature allowed for polytetrafluoroethylene, 
wherefore polytetrafluoroethylene will wear off easily. 
By means of the method according to the invention, tem- 
perature is prevented from rising too high at the interface 
and thus wear resistance of the tool will improve. DLC 
is very wear resistant and when its pores are filled with 
a fiuoro compound, the friction between the tool and the 
plastic material to be extruded will be very small. By 
forming a slip agent layer between the abutment surfac- 
es of the tool and the plastic material, the material can 
slip very well along the surface of the tool, but the slip 
agent layer does not disturb the machining of the actual 
plastic material, whereby the plastic material may be 
crosslinked polyethylene that is difficult to machine. By 
supplying the slip agent between the plastic material to 
be extruded and the tool primarily after plastic melting 
zone, the friction heat can also be utilized very efficiently 
in the melting and machining zone of the actual plastic 
material. 

[0015] The invention will be explained in more detail 
in the accompanying drawings, in which 

Figure 1 shows a schematic cross-sectional side 
view of one apparatus according to the invention, 
Figure 2 shows a schematic cross-sectional side 
view of a second apparatus according to the inven- 
tion, 

Figure 3 shows a schematic cross -sectional side 
view of a third apparatus according to the invention, 
and 



Figure 4a shows a measuring result from the sur- 
face of a pipe of an unsatisfactory quality, 
Figure 4b illustrates Fourier analysis of the meas- 
uring according to Figure 4a, 
Figure 5a shows a measuring result of the surface 
of a pipe made with the method according to the 
invention, and 

Figure 5b illustrates Fourier analysis of the meas- 
uring according to Figure 5a. 

[0016] Only the end portion of an extruder portion 1 
of an extruder is shown in the appended figure for the 
sake of clarity in such a manner that the end of a screw 
portion 1 a of the extruder portion 1 and the end of a cyl- 
inder portion 1b are visible in the figure. The extruder 
may be any extruder known per se, an ordinary screw 
extruder, for example. A tool 2 is arranged to the end of 
the extruder portion 1 . The tool 2 comprises a nozzle 
outside the extrusion product and a mandrel 4 inside it. 
The tool 2 can be of any ordinary type, such as a tool 
having a mandrel carrier provided with a spiral divider, 
a so-called basket die-head tool having a perforated 
supporter, a tool having a mandrel carriersecuredtothe 
head of a screw, or a so-called cross head tool. These 
detailed features have been omitted from the appended 
figures for the sake of clarity. The extrusion product, a 
pipe 5 for example, is extruded from between the nozzle 
3 and the mandrel 4. The extrusion product can be in 
addition to the pipe 5 a cable sheath or a film or any 
such product. 

[0017] The surfaces of the tool 2 against the plastic 
material to be extruded are coated with fluoroplastic, 
most preferably with polytetrafluoroethylene for attain- 
ing as good slip characteristics as possible. Before pol- 
ytetrafluoroethylene Is coated, the surfaces of the tool 
are applied a material whose thermal conductivity is bet- 
ter than that on the other parts of the tool 2 in case the 
tool 2 is manufactured of tool steel, for example. Ther- 
mal conductivity of tool steel is generally about 30 W/ 
mK. Tool steel is easy to machine and also hard enough, 
thus making it very wear resistant. The coating may be 
e.g. of beryllium copper alloy whose thermal conductiv- 
ity is about 200 W/mK or more. By means of this coating, 
the friction heat caused by friction between the plastic 
material and the tool 2 may be efficiently conducted 
away from the interface of the plastic material to be ex- 
truded and the tool towards the tool 2. It has also been 
found in tests that then the temperature at the interface 
can be dropped as much as 30°C. On account of the 
dropped temperature, polytetrafluoroethylene does not 
wear off as fast as in earlier applications. Because of 
friction heat, temperature at the interface has earlier ris- 
en easily too high for polytetrafluoroethylene, even if the 
tool were cooled at other parts. The tests showed that 
even a drop of 10°C in this critical zone reduces wear 
of polytetrafluoroethylene and thus adds significantly to 
the service life of the tool. The temperature of the Inter- 
face can be dropped by using coating, for example, with 
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a thermal conductivity of over 1 00 W/mK. The tool 2 may 
also be of a material with a better thermal conductivity 
than tool steel. 

[0018] In addition to using a material with good ther- 
mal conductivity, the tool can be coated e.g. with a thin 5 
chromium polytetraf luoroethylene coating or a so-called 
diamond like coating (DLC) where the pores are filled 
with a fluoro compound, such as polytetraf luoroethyl- 
ene. DLC resists wear very well and the fluoro com- 
pound, which fills the pores, reduces friction between 10 
the plastic material and the tool 2. 
[0019] The nozzle 3 has a tempering unit 6 provided 
with oil circulation, for example. A similar tempering unit 
6 has also been arranged to the mandrel 4. By means 
of the tempering units 6, the temperature of the nozzle 15 
3 and the mandrel 4 can be controlled as required by 
passing heat thereto or removing it therefrom. 
[0020] The method and the apparatus according to 
the invention is in principle suitable for all extrusion that 
requires accurate adjustment of temperature and good 20 
slip characteristics. For example, in the drive of polyeth- 
ylene foam, very low temperatures have to be used and 
because of exothermic reaction, heat has to be removed 
efficiently from the process. In orientation processes, for 
example, a typical melt flow causes disturbances in the 25 
actual orientation stage of molecules and thus it is pref- 
erable that the friction between the plastic material and 
the tool is reduced with polytetraf luoroethylene. High 
temperature is a particular problem especially when 
making crosslinked polyethylene pipes. It is especially 30 
difficult to use a material with a high molecular weight 
for making the product. The method and the apparatus 
according to the invention is also suitable to be used for 
materials whose average molecular weight is more than 
200,000 g/mol. 35 
[0021] Figure 2 shows a schematic cross-sectional 
side view of a second apparatus according to the inven- 
tion. The numbers in Figure 2 correspond to those of 
Figure 1 . The extruder according to Figure 2 produces 
a three-layered product whose outer layer 5b and inner 40 
layer 5c preferably form a slip agent layer comprising 
essentially fluoroplastic, such as polytetrafluoroethyl- 
ene. Because of these slip agent layers, the extrusion 
material slips very well along the surface of the tool 2. 
The coating on the surface of the tool 2, which conducts « 
heat well, causes extra heat to be led efficiently away 
from the interface, whereby the highest allowed temper- 
ature sustainable for the used fluoroplastic will not be 
exceeded. More preferably, the outer layer 5b and the 
inner layer 5c comprise at least partly a fluoro com- so 
pound, such as fluoroelastomer, which is supplied into 
the plastic, and which migrates to the abutment surfaces 
of the tool 2 and reduces friction. Differing from the ap- 
pended figure, the outer layer 5b and the inner layer 5c 
can be considerably thinner than the middle layer 5a, 55 
whereby they form an outer skin and inner skin of the 
pipe 5. Therefore the slip agent can only be used for thin 
skins and the effect of the slip agent does not disturb 
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the machining of the material in a middle layer 5a. The 
middle layer 5a may be crosslinked polyethylene that is 
difficult to machine. 

[0022] Figure 3 shows a schematic cross-sectional 
side view of a third apparatus according to the invention. 
The numbers in Figure 3 correspond to those of Figures 
1 and 2. The extruder contains a first supply channel 7a 
and a second supply channel 7b, by means of which the 
outer layer 5b and the inner layer 5c can be supplied to 
the outside and inside of the middle layer 5a of the ex- 
trusion material. The supply channels 7a and 7b are ar- 
ranged to supply a slip agent layer containing fluoroe- 
lastomer or fluoroplastic to the outside and inside of the 
extrusion material just before the tool 2. In that case, the 
middle layer 5a can be melted and machined in the ex- 
truder portion 1 by using the effect of friction heat very 
efficiently, as the slip agent layers are supplied to the 
extruder after plastic melting zone. In Figure 3 the sec- 
ond supply channel 7b is arranged inside the feed screw 
but it can also be arranged to supply the material from 
outside through the middle layer 5a. However, forming 
of a joining seam can be avoided by the solution of Fig- 
ure 3. 

[0023] In case the flow of the extrusion material 
changes so that pure friction flow changes in part into 
melt flow, transverse stripes are formed in the product, 
that is, a pattern repeated regularly at distances from 
about less than a millimetre to some millimetres can be 
detected in the product. This pattern may not necessar- 
ily be visible. In microscopic measurings these trans- 
verse stripes can be detected. When handling measur- 
ing result mathematically by Fourier analysis, it has 
been detected that unevenness occurs at regular dis- 
tances, the distance generally varying between from 
about less than one millimetre to some millimetres. The 
method and apparatus of the invention makes the ex- 
trusion product slip evenly on the surface of the tool, 
wherefore unevenness cannot be seen essentially on 
the surface of the extrusion product. 
[0024] Figure 4a shows a result of a microscopic 
measuring from a surface of an unsatisfactory pipe. On 
X axle the outer surface of the pipe is on a profilometer 
and the coarseness of the pipe is on Y axle. The une- 
venness visible in the figure is not necessary visible for 
the naked eye, but as can be seen in the appended fig- 
ure, unevenness can be clearly detected in microscopic 
measuring. 

[0025] Figure 4b shows a Fourier analysis of measur- 
ing according to Figure 4a. Sequentiality of unevenness 
can be clearly detected in the Fourier analysis, a se- 
quence being 0.81 mm at wave length. Finding a spe- 
cific wave length proves that the flow of the plastic ma- 
terial is not steady, but pure friction flow has partly 
changed into melt flow. 

[0026] Figure 5a shows a microscopic measuring of 
a pipe made with the method according to the invention. 
It can be seen in Figure 5a that the surface has been 
fairly even. A Fourier analysis shown in Figure 5b is also 
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made of the measuring of Figure 5a and it proves that 
now sequential unevenness cannot be detected. 
[0027] The drawing and the specification related 
thereto are only intended to illustrate the idea of the in- 
vention. In its details the invention may vary within the 
scope of the claims. 



Claims 

1 . A method for making an extrusion product, in which 
method an extrusion material is extruded by an ex- 
truder from its extrusion portion (1) through a tool 
(2) and f luoropolymer is used between the extrusion 
material and the tool (2) for reducing friction be- 
tween the extrusion material and the tool, charac- 
terized In that at least the surface of the tool (2) 
against fluoropoiymer is of a material whose ther- 
mal conductivity is greater than the thermal conduc- 
tivity of ordinary tool steel, whereby the friction heat 
generated is conducted efficiently away from the in- 
terface between the tool (2) and the extrusion ma- 
terial towards the tool (2). 

2. A method according to claim 1 , characterized In 
that the temperature of the tool is adjusted as re- 
quired with a tempering unit (6). 

3. A method according to claim 1 or 2, characterized 
In that the extrusion product is a product with at 
least two layers and that a fluoro compound is sup- 
plied into the plastic of the layer against the tool (2) 
the fluoro compound migrating to the abutment sur- 
faces of the tool (2). 

4. A method according to any one of the preceding 
claims, characterized in that the extrusion product 
is a plastic pipe (5) with at least three layers com- 
prising an outer skin and an inner skin, whereby a 
fluoro compound, such as fluoroelastomer, is sup- 
plied into the plastic of the outer skin and the inner 
skin, the fluoro compound migrating to the abut- 
ment surfaces, and that a middle layer (5a) of the 
pipe (5) is essentially of a material that does not 
contain a slip agent. 

5. A method according to any one of the preceding 
claims, characterized in that a slip agent contain- 
ing fluoroelastomer or fluoroplastic is extruded be- 
tween the plastic material to be extruded and the 
tool (2) primarily after plastic melting zone before 
the tool (2). 

6. A method according to any one of the preceding 
claims, characterized in that the thermal conduc- 
tivity of at least the surface of the tool (2) against 
fluoropoiymer is greater than 100 W/mK. 



7. A method according to any one of the preceding 
claims, characterized in that the thermal conduc- 
tivity of at least the surface of the tool (2) against 
fluoropoiymer is greater than 200 W/mK. 

5 

8. A method according to claim 7, characterized in 
that at least the surface of the tool (2) against fluor- 
opoiymer is of beryllium copper alloy. 

10 9. A method according to any one of the preceding 
claim-scharacterized In that a plastic material with 
an average molecular weight of more than 200,000 
g/mol is used as the extrusion material. 

is 10. A method according to any one of the preceding 
claims, characterized in that the extrusion product 
Is a polyethylene pipe (5) that is crossiinked. 

11. An apparatus for making an extrusion product, 
20 which apparatus comprises an extrusion portion (1 ) 

for extruding an extrusion material and a tool (2) 
through which the extrusion material is extruded 
and fluoropoiymer is arranged to be used between 
the extrusion material and the tool (2) as a slip 
25 agent, characterized in that at least the surface of 
the tool (2) against fluoropoiymer, at least partly at 
the smallest cross section, is of a material whose 
thermal conductivity is greater than the thermal con- 
ductivity of ordinary tool steel. 

30 

12. An apparatus according to claim 1 1 , characterized 
In that the tool (2) comprises a tempering unit (6) 
for controlling the temperature of the tool (2). 

35 13. An apparatus according to claim 11 or 12, charac- 
terized In that at least in some places the surface 
of the tool comprises in the axial direction a chrome., 
polytetrafluoroethylene coating or DLC where 
pores have been filled with a fluoro compound. 

40 

14. An apparatus according to any one of claims 11 to 
13, characterized in that the apparatus comprises 
means for making a three-layered product. 

<5 1 5. An apparatus according to claim 1 4, characterized 
In that the apparatus comprises means for extrud- 
ing a slip agent containing fluoroelastomer or fluor- 
oplastic between the plastic material to be extruded 
and the tool (2) primarily after plastic melting zone 

50 before the tool (2). 

16. An apparatus according to any one of claims 10 to 
15, characterized In that the thermal conductivity 
of at least the surface of the tool (2) against fluor- 

55 opolymer is greater than 1 00 W/mK. 

17. An apparatus according to daim 16, characterize- 
din that at least the surface of the tool (2) against 
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fluoropolymer is of beryllium copper alloy whose 
thermal conductivity is more than 200 W/mK. 

18. A product made by the method according to claim 
1 , characterized in that the surface of the product 
is essentially smooth without transverse microscop- 
ic stripes repeated at a specific wave length. 

19. A product according to claim 18, characterized in 
that the product is a pipe (5) comprising at least 
three layers (5a, 5b, 5c), whereby at least the outer 
and inner layers (5b, 5c) comprise a slip agent con- 
taining a fluoro compound. 

20. A product according to claim 19, characterized in 
that the outer layer (5b) and the inner layer (5c) 
form an outer skin and an inner skin of the pipe (5). 

21. A product according to claim 19 or 20, character- 
ized in that the middle layer (5a) comprises a ma- 
terial whose average molecular weight is more than 
200,000 g/mol. 

22. A product according to claim 21 , characterized In 
that the middle layer (5a) primarily comprises es- 
sentially crosslinked polyethylene that does not 
contain a slip agent. 



Patentanspruche 

1. Verfahren zum Herstellen eines Extrusionspro- 
dukts, bei dem ein Extrusionsmaterial mittels eines 
Extruders aus dessen Extrusionsabschnitt (1) her- 
aus durch ein Werkzeug (2) hindurch extrudiert 
wird, und zwischen dem Extrusionsmaterial und 
dem Werkzeug (2) Fluorpolymer verwendet wird, 
urn die Reibung zwischen dem Extrusionsmaterial 
und dem Werkzeug zu reduzieren, 

dadurch gekennzelchnet, dass mindestens die 
mit dem Fluorpolymer in Kontakt befindliche Ober- 
flache des Werkzeugs (2) ein Material aufweist, 
dessen Warmelertfahigkeit hoher ist als die Warme- 
leitfahigkeit gewohnlichen Werkzeug-Stahls, wobei 
die erzeugte Reibungswarme effizient von dem In- 
terface zwischen dem Werkzeug (2) und dem Ex- 
trusionsmaterial weg zu dem Werkzeug (2) hin ge- 
leitetwird. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zelchnet, dass dieTemperatur des Werkzeugs mrt- 
tels einer Temperierungseinheit (6) wie erforderlich 
eingestellt wird. 

3. Verfahren nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, dass das Extrusionsprodukt ein 
Produkt mit mindestens zwei Schichten ist und dass 
in dem Kunststoff der mit dem Werkzeug (2) in Kon- 



takt befindlichen Schicht eine Fluorverbindung ein- 
gefuhrt wird, die zu den Anlageflachen des Werk- 
zeugs wandert. 

5 4. Verfahren nach einem dervorhergehenden Anspru- 
che, dadurch gekennzelchnet, dass das Extrusi- 
onsprodukt ein mindestens drei Schichten aufwei- 
sendes Kunststoff rohr (5) mit einer AuBenseite und 
einer Innenseite ist, wobei in den Kunststoff der Au- 

10 Benseite und der Innenseite eine Fluorverbindung, 
wie z.B. Fluorelastomer, eingefuhrt wird, die zu den 
Anlageflachen wandert, und dass eine Mittelschicht 
(5a) des Rohrs (5) im wesentlichen aus einem Ma- 
terial besteht, das kein Gleitmittel aufweist. 

15 

5. Verfahren nach einem der vorhergehenden Anspru- 
che, dadurch gekennzelchnet, dass ein Gleitmit- 
tel, das Fluorelastomer oder der Fluorkunststoff 
enthalt, zwischen dem zu extrudierenden Kunst- 
stoffmaterial und dem Werkzeug (2) extrudiert wird, 
und zwar hauptsachlich hinter der Kunststoff- 
schmelzzone vor dem Werkzeug (2). 

Verfahren nach einem dervorhergehenden Anspru- 
che, dadurch gekennzelchnet, dass die Warme- 
leitfahigkeft mindestens der mit dem Fluorpolymer 
in Kontakt befindlichen Oberflache des Werkzeugs 
(2) hoher als 1 00 W/mK ist. 

Verfahren nach einem dervorhergehenden Ansprti- 
che, dadurch gekennzelchnet, dass die Warme- 
leitfahigkeft mindestens der mit dem Fluorpolymer 
in Kontakt befindlichen Oberflache des Werkzeugs 
(2) hoher als 200 W/mK ist. 

Verfahren nach Anspruch 7, dadurch gekenn- 
zelchnet, dass mindestens die mit dem Fluorpoly- 
mer in Kontakt befindliche Oberflache des Werk- 
zeugs (2) eine Beryl lium-Kupfer-Legierung auf- 
weist. 

Verfahren nach einem dervorhergehenden Anspru- 
che, dadurch gekennzelchnet, dass als Extrusi- 
onsmaterial ein Kunststoffmaterial mit einem mitt- 
leren Molekulargewicht von rnehr als 200.000 g/mol 
verwendet wird. 

10. Verfahren nach einem dervorhergehenden Anspru- 
che, dadurch gekennzelchnet, dass das Extrusi- 
onsprodukt ein vernetztes Polyethylen-Rohr (5) ist. 

11. Vorrichtung zum Herstellen eines Extrusionspro- 
dukts, mit einem Extrusionsabschnitt ( 1 ) zum Extru- 
dieren eines Extrusionsmaterials und einem Werk- 
zeug (2), durch das hindurch das Extrusionsmate- 
rial extrudiert wird, wobei zwischen dem Extrusi- 
onsmaterial und dem Werkzeug (2) Fluorpolymer 
als Gleitmittel (2) verwendet wird, 



6. 
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dadurch gekennzeichnet, dass mindestens die 
mil dem Fluorpolymer in Kontakt befindliche Ober- 
flache des Werkzeugs (2) zumindest an dessen 
kleinstem Querschnittein Material aufweist, dessen 
Warmeteitfahigkeit hdher ist als die Warmeleitf ahig- 
keit gewohnlichen Werkzeug-Stahls. 

12. Vorrichtung nach Anspruch 11, dadurch gekenn- 
zeichnet, dass das Werkzeug (2) eine Temperie- 
rungseinheit (6) zum Steuern der Temperatur des 
Werkzeugs (2) aufweist. 

13. Vorrichtung nach Anspruch 11 Oder 12, dadurch 
gekennzeichnet, dass an mindestens einigen 
Stellen die Oberflache des Werkzeugs in der axia- 
len Richtung eine Chrom-Polytetrafluorethlyen-Be- 
schichtung oder eine DLC-Bechichtung aufweist, in 
der Poren mit einer Fluorverbindung gefulrt sind. 

14. Vorrichtung nach einem der Anspruche 11 bis 13, 
dadurch gekennzeichnet, dass die Vorrichtung 
eine Einrichtung zu Herstellung eines dreidimensio- 
nalen Produkts ist. 

15. Vorrichtung nach Anspruch 14, dadurch gekenn- 
zeichnet, dass die Vorrichtung eine Einrichtung 
aufweist, um ein Gleitmittel, das Fluoreiastomer 
Oder Fluorkunststoff enthalt, zwischen dem zu ex- 
trudierenden Kunststoff material und dem Werk- 
zeug (2) zu extrudieren, und zwar hauptsachlich 
hinter der Kunststoff schmelzzone vor dem Werk- 
zeug (2). 

16. Vorrichtung nach einem der Anspruche 10 bis 15, 
dadurch gekennzeichnet, dass die Warmeleitfa- 
higkeit mindestens der mit dem Fluorpolymer in 
Kontakt bef indlichen Oberflache des Werkzeugs (2) 
hoherals 100 W/mK ist. 

17. Vorrichtung nach Anspruch 16, dadurch gekenn- 
zeichnet, dass die Warmeleitfahigkeit mindestens 
der mit dem Fluorpolymer in Kontakt beftndlichen 
Oberflache des Werkzeugs (2) hdher als 200 W/mK 
ist. 

18. Produkt, hergesteltt durch das Verfahren nach An- 
spruch 1, dadurch gekennzeichnet, dass die 
Oberflache des Produkts im wesentlichen glatt und 
f rei von sich mit einer bestimmten Wellenlange wie- 
derholenden querverlaufenden mikroskopischen 
Streifen ist. 

19. Produkt nach Anspruch 18, dadurch gekenn- 
zeichnet, dass das Produkt ein mindestens drei 
Schichten (5a,5b,5c) aufweisendes Rohr (5) ist, 
wobei mindestens die auBeren und inneren Schich- 
ten (5b,5c) ein Gleitmittel aufweisen, das eine 
Fluorverbindung enthalt. 



20. Produkt nach Anspruch 19, dadurch gekenn- 
zeichnet, dass die auBere Schicht (5b) und die in- 
ner© Schicht (5c) eine AuBenseite und eine innen- 
serte des Rohrs (5) bilden. 

5 

21. Produkt nach Anspruch 19 oder 20, dadurch ge- 
kennzeichnet, dass die mittlere Schicht (5a) ein 
Material aufweist, dessen mittleres Molekularge- 
wicht mehr als 200.000 g/mol betragt, 

w 

22. Produkt nach Anspruch 21, dadurch gekenn- 
zeichnet, dass die mittlere Schicht (5a) hauptsach- 
lich im wesentlichen vernetztes Potyethyten auf- 
weist, das kein Gleitmittel enthalt. 



Revendlcations 

1. Proced6 de fabrication d'un produit extrudS, dans 
20 lequel procedt un materiau pour I'extrusion est ex- 
trude par une extrudeuse dans sa partie extrusion 
(1) a travers un outil (2) et un fluoropolymere est 
utilise entre le materiau a extruder et I'outil (2) des- 
tine a reduire la friction entre le materiau a extruder 

25 et I'outil, caracterlse en ce qu'au moins la surface 
de I'outil (2) centre le fluoropolymere est constitute 
d'un materiau dont la conductivity thermique est su- 
perieure a la conductivity thermique de I'acier ordi- 
naire pour outils, moyennant quoi la chaleur de fric- 
30 tion est evacuee de f agon efficace de I'interface en- 
tre I'outil (2) et le materiau a extruder vers I'outil (2). 

2. Proced6 selon la revendication 1 , caracterlse en 
ce que la temperature de I'outil est ajustee en fonc- 

35 tion des besoins a I'aide d'une unite de regulation 
thermique(6). 

3. Procede selon la revendication 1 ou 2, caracterlse 
en ce que le produit extrude est un produit ayant 

40 au moins deux couches et en ce qu'un compose 
fluore estfourni dans le plastique de la couche con- 
tre I'outil (2), le compose fluor6 migrant vers les sur- 
faces de butee de I'outil (2). 

45 4. Proc6de selon Tune queiconque des revendications 
prec£dentes, caracterlse en ce que le produit ex- 
trude est un tube en plastique (5) ayant au moins 
trois couches comprenant une peau exterieure et 
une peau interieure, moyennant quoi un compose 
50 fluore, tel que le fluoro6lastomere, est foumi dans 
le plastique de la peau exterieure et de la peau in- 
terieure, le compose fluore migrant vers les surfa- 
ces de butee, et en ce qu'une couche mediane (5a) 
du tube (5) est essentiellement constitute d'un ma- 
55 teriau qui ne contient pas d'agent lubrifiant. 

5. Procede selon Tune queiconque des revendications 
precedentes, caracterlse en ce qu'un agent lubri- 
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fiant contenant du fluoroSlastomfere ou du fluoro- 
plastique est extrude entre le materiau plastique a 
extruder et I'outil (2) principalement apres la zone 
de fusion du plastique avant I'outil (2). 

6. Precede selon Tune quelconque des revendications 
prec6dentes, caracterise en ce que la conductivity 
thermique au moins de la surface de I'outil (2) contre 
le fluoropolymere est superieure a 100 W/mK. 

7. Proced6 selon I'une quelconque des revendications 
prec6dentes, caracterise en ce que la conductivity 
thermique au moins de la surface de I'outil (2) contre 
le fluoropolymere est superieure a 200 W/mK. 

8. Proc£d§ selon la revendication 7, caracterise en 
ce qu'au moins ta surface de I'outil (2) contre le fluo- 
ropolymere est constitute d'alliage de beryllium et 
de cuivre. 

9. Proceed selon I'une quelconque des revendications 
precSdentes, caracterise en ce qu'un materiau 
plastique ayant un poids moleculaire moyen sup6- 
rieur a 200 000 g/mol est utilise comme materiau a 
extruder. 

10. Proced6 selon I'une quelconque des revendications 
precedentes, caracterise en ce que le produit ex- 
trude est un tube en polyethylene (5) qui est reticu- 
le. 



10 



15 



les moyens pour fabriquer un produit a trois cou- 
ches. 

15. Appareil selon la revendication 14, caracterise en 
ce que I'appareil comprend les moyens pour extru- 
der un agent lubrifant contenant du fluorodlastome- 
re ou du fluoroplastique entre le materiau en matie- 
re plastique a extruder et I'outil (2) principalement 
apres la zone de fusion du plastique avant I'outil (2). 

16. Appareil selon I'une quelconque des revendications 
1 0 a 1 5, caracterise en ce que ia conductivity ther- 
mique au moins de la surface de I'outil (2) contre le 
fluoropolymere est superieure a 100 W/mK. 



11. Appareil de fabrication d'un produit extrude, lequel 
appareil comprend une partie extrusion (1 ) pour ex- 
truder un materiau a extruder et un outil (2) atravers 
lequel le materiau a extruder est extrude et un fluo- 
ropolymere est dispose pour etre utilise entre le ma- 
teriau a extruder et I'outil (2) comme agent lubrif iant, 
caracterise en ce qu'au moins la surface de I'outil 
(2) contre le fluoropolymere, au moins partiellement 
au niveau de la plus petite section transversale, est 40 21 
constitue d'un materiau dont la conductivite thermi- 
que est superieure a la conductivite thermique de 
I'acier ordinaire des outils. 



17. Appareil selon la revendication 16, caracterise en 
ce qu'au moins la surface de I'outil (2) contre le fluo- 
ropolymere est en alliage de beryllium et de cuivre 
dont ia conductivite thermique est superieure a 200 
20 W/mK. 



18. Produit fabrique par le procede selon la revendica- 
tion 1 , caracterise en ce que la surface du produit 
est essentiellement lisse sans rayures microscopi- 
questransversales r6pet6es a une longueur d'onde 
specif ique. 

19. Produit selon la revendication 18, caracterise en 
ce que le produit est un tube (5) comprenant au 
moins trois couches (Sa, 5b, 5c), moyennant quoi 
au moins les couches exteme et interne (5b, 5c) 
comprennent un agent lubrifant contenant un com- 
pose fluore. 



25 



30 



35 20. Produit selon la revendication 19, caracterise en 
ce que la couche externe (5b) et la couche interne 
(5c) forment une peau exterieure et une peau inte- 
rieuredutube(5). 



Produit selon les revendications 19 et 20, caracte- 
rise en ce que la couche m6diane (Sa) comprend 
un materiau dont le poids moleculaire moyen est 
sup6rieur a 200 OOOg/mol. 



12. Appareil selon la revendication 11 , caracterise en 45 2 2. Produit selon la revendication 21 , caracterise en 
ce que I'outil (2) comprend une unite de regulation ce que la couche mediane (Sa) comprend princi- 



thermique (6) pour le controle de la temperature de 
I'outil (2). 

13. Appareil selon la revendication 11 ou 12, caracte- 
rise en ce que, au moins a certains endroits, la sur- 
face de I'outil comprend, dans la direction axiale, un 
revetement de polytetrafluoro6thyiene chrome ou 
DLC dans lequel les pores ont ete remplis avec un 
compose fluore. 

14. Appareil selon I'une quelconque des revendications 
11 a 13, caracterise en ceque i'appareil comprend 



palement du polyethylene essentiellement reticule 
qui ne contient pas d'agent lubrifiant. 
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